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57 ABSTRACT

A semiconductor device having a conductor film for mhib-
iting 1nfrusion of moisture, mobile 1ons, etc. 1nto a semi-
conductor chip from its peripheral edge, formed 1n a contact
trench formed 1n an inter-layer 1nsulating film. The conduc-
tor film divides the inter-layer insulating film into a periph-
cral edge side and an internal side and 1s moreover con-
nected electrically to a semiconductor substrate. Therefore,
any moisture or mobile 1ons entering the inter-layer insu-
lating film from the peripheral edge of the semiconductor
chip are electrically caught or expelled and cannot enter the
semiconductor chip. Further, because the conductor film 1s
formed 1nside the contact trench, the conductor film does not
peel from the semiconductor chip even when any influences
of the moisture or the mobile 10ons caught exist. An internal
conductor can be insulated from outside by providing a
protective film for covering the upper and said surfaces of
the semiconductor chip.

8 Claims, 6 Drawing Sheets
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SEMICONDUCTOR DEVICE AND
PRODUCTION METHOD THEREOF

BACKGROUND OF THE INVENTION

1. Field of the Invention

This 1nvention relates to a semiconductor device and to a
production method thereof. More particularly, the present
invention relates to a semiconductor device which prevents
moisture from entering a semiconductor chip from its
peripheral edge, and catches or expels mobile 10ons which
may otherwise enter the semiconductor chip.

2. Description of the Related Art

After devices such as MOS ftransistors are formed on a
semiconductor water, the wafer 1s split into individual
semiconductor chips 1n a scribe area disposed around a
device formation area. Therefore, a section of an inter-layer
insulating film having high water-permeability and hygro-
scopicity 1s exposed around the peripheral edge of the
semiconductor chip. If moisture, mobile 10ns, etc., entering
the mter-layer insulating film from the peripheral edge of the
semiconductor chip further enter the 1nside of the semicon-
ductor chip, corrosion of wiring, degradation of breakdown
voltage of the insulating film, fluctuation of device
characteristics, etc. are caused, and reliability of the semi-
conductor device drops.

To solve this problem, JP-A-63-128733 discloses a semi-
conductor device having a construction wherein a conductor
f1lm 1s formed to cover a region from a scribe area of a
semiconductor wafer to the section of a semiconductor chip
and 1s connected to a predetermined potential. In this semi-
conductor device, the conductor film forms an electric
barrier to inhibit mobile ions such as H*, Na™, CI™, etc. from
entering the semiconductor chip from the outside. In other
words, when a positive bias 1s applied to this conductor film,
positive 1ons such as H™, Na™, etc. are repulsed and cannot
enter the mside of the semiconductor chip while negative
1ons such as CI7, etc. are entrapped 1nto the conductor film.
In either case, the mobile 10ns cannot enter the 1nside of the
semiconductor chip.

According to the construction described above, however,
the conductor film 1s likely to peel due to the mfluence of the
moisture and the mobile 1ons. Since an impurity diffusion
arca formed 1n the semiconductor substrate so as to connect
the conductor film to the predetermined potential appears in
the section of the semiconductor chip, the potential inside
the semiconductor chip 1s disturbed and the device’s opera-
fion becomes unstable 1f this impurity diffusion area comes
into contact with an external potential.

SUMMARY OF THE INVENTION

It 1s therefore the first object of the present mnvention to
provide a semiconductor device having a structure which
inhibits moisture from entering the 1nside of a semiconduc-
tor chip from 1ts peripheral edge and which does not allow
a conductor film for catching or expelling mobile 10ns, etc.,
that would otherwise enter, to easily peel.

It 1s the second object of the present invention to prevent
the potential 1nside a semiconductor chip from being
disturbed, and to prevent the operation from becoming
unstable 1 the semiconductor device described above even
when the semiconductor chip comes into contact with an
external potential.

According to the first aspect of the present invention, a
semiconductor device for accomplishing the first object
described above comprises a semiconductor substrate hav-
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2

ing an 1mpurity diffusion layer formed 1n a predetermined
arca; a pad electrode formed on the semiconductor substrate,
and connected to the impurity diffusion layer; an inter-layer
insulating film formed on the semiconductor substrate inclu-
sive of the pad electrode, and having a contact trench for
cutting off the inter-layer insulating film into a first area and
a second area; a conductor film formed at least inside the
contact trench, connected to the pad electrode, and encom-
passing the side surface of the first area of the inter-layer
insulating film; and a protective film formed on the semi-
conductor substrate mclusive of the conductor film and the
inter-layer insulating film.

It 1s also possible to employ the following construction.
Namely, a second inter-layer insulating film 1s formed on the
semiconductor substrate inclusive of the conductor film and
the inter-layer insulating film. A second contact trench is
formed 1n such a manner as to divide the second 1nter-layer
msulating film into a third arca and a fourth area, and a
second conductor film 1s formed 1n the second contact trench
and 1s connected to the conductor film described above to
encompass the side surfaces of the first area of the inter-layer
insulating film and the third arca of the second inter-layer
insulating film.

According to the first aspect of the present invention, the
inter-layer insulating film 1s divided into the iternal side of
the semiconductor chip and its peripheral edge side by the
conductor film formed in the contact trench (ditch-like
contact hole) disposed in the inter-layer insulating film. This
conductor film 1s electrically connected to the semiconduc-
tor substrate. Therefore, the same potential as that of the
semiconductor substrate 1s applied to the conductor film, and
moisture and mobile 1ons entering the inter-layer mnsulating
film from the peripheral edge of the semiconductor chip are
clectrically caught or expelled. In consequence, these mois-
ture and mobile 10ns can be prevented from moving towards
the 1nside of the semiconductor chip. Since this conductor
film 1s formed 1nside the contact trench, the conductor film
does not easily peel even when any influence of moisture
and the mobile 1ons exist.

A semiconductor device according to the second aspect
for accomplishing the second object described above further
comprises a plurality of second electrodes formed on a
plurality of predetermined areas of the semiconductor sub-
strate through a first insulating film; and a second insulating
f1lm formed on a plurality of the second electrodes; wherein
a plurality of the second electrodes are 1solated from the pad
clectrodes and the conductor films; one of a plurality of the
second electrodes 1s formed below the second area of the
first inter-layer insulating film; and the protective film
encompasses the side surfaces of the second insulating film,
the second area of the first inter-layer insulating film, and the
fourth area of the second inter-layer insulating film, respec-
fively.

According to the second aspect of the present invention,
the electrodes 1solated from the pad electrode and the
conductor films are formed below the second arca of the
inter-layer insulating film, and the protective film encom-
passes the section of the semiconductor chip, so that the
impurity diffusion area of the semiconductor substrate is
completely 1solated from the outside. Therefore, even when
the semiconductor chip comes into contact with an external
potential, the potential inside the semiconductor chip 1s not
disturbed, and the operation of the chip also does not
become unstable.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are a plan view and a sectional view,
cach showing a semiconductor device according to the first
embodiment of the present invention;
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FIG. 1C 1s a sectional view showing a semiconductor
device according to a modified embodiment of the first
embodiment of the present invention;

FIGS. 2A to 2F are sectional views, each showing step-
wise the production method of the semiconductor device
according to the first embodiment of the present mnvention;

FIGS. 3A and 3B are a plan view and a sectional view,
cach showing a semiconductor device according to the
second embodiment of the present invention; and

FIG. 3C 1s a sectional view showing a semiconductor
device according to a modified embodiment of the second
embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1A 1s a plan view showing a portion near the corner
of a chip area of a semiconductor device according to the
first embodiment. The present invention 1s applied to a
semiconductor device having a field shield device 1solation
structure. The drawing illustrates the inside of the semicon-
ductor device by removing a passivation film (protective

film) of the uppermost layer. FIG. 1B is a sectional view
taken along line B—B of FIG. 1A.

A device activation area 17, a device 1solation area 22, a
device activation area 16, and a device 1solation area 21 are
formed in the chip area 24 as shown 1n this order from
outside 1n FIGS. 1A and 1B. In each of the device 1solation
arcas 21 and 22, a silicon dioxide film 12 as a field shield
cgate 1nsulating film, a polycrystalline silicon film 13 as a
field shield gate electrode, a cap oxide film 14 and a silicon
dioxide film 15 as a sidewall oxide film are formed on a
P-type silicon wafer, that 1s, a silicon substrate 11, in such a
manner as to 1solate devices by a field shield method.

The polycrystalline silicon film 13 of the device 1solation
arca 22 1s connected to a conductor film 344 of an aluminum
alloy through a contact hole 32 bored in an inter-layer
insulating film 31, and 1s controlled to a desired potential.
The polycrystalline silicon film 13 of the device 1solation
arca 1s connected to a wiring 1n an area not shown in the
drawing, and 1s also controlled to have a desired potential.

A MOS transistor (not shown) is formed in the device
activation arca 16, and a P type impurity diffusion layer 27
as the source/drain of this MOS transistor 1s kept in contact
with a pad electrode (lead-out electrode) 26 including a P
type polycrystalline silicon film to which boron (B) is doped.

The device activation area 17 formed along the periphery
of the chip area 24 to divide the device 1solation area 22 from
a scribe area 25. The pad electrode 26 and a P-type impurity
diffusion layer 28 are formed in this device activation arca
17. The pad electrode 26 1s connected to a conductor film
34H6 of an aluminum alloy through a contact trench 33
opened 1n a ditch shape 1n the inter-layer insulating film 31
in such a manner as to encompass the chip areca 24. In
consequence, the conductor film 34bH 1s electrically con-
nected to the silicon substrate 11 through the pad electrode
26 and the impurity diffusion layer 28, and the inter-layer
insulating film 31 1s divided into the peripheral side of the
chip and 1ts internal side by the conductor film 345b.

An 1nter-layer insulating film 35 1s formed on the inter-
layer 1mnsulating film 31 and on the conductor films 344 and
34b, and a contact trench 36 1s formed 1n this inter-layer
insulating film 35 in such a manner as to encompass the chip
arca 24. The conductor film 34b 1s connected to the alumi-
num alloy conductor film 37 through this contact trench 36.
As a result, the conductor film 37 1s electrically connected

10

15

20

25

30

35

40

45

50

55

60

65

4

to the silicon substrate 11 through the pad electrode 26 and
the 1mpur1ty diffusion layer 28, and the inter-layer insulating
f1lm 35 1s divided by the conductor film 37 into the periph-

eral side of the chip and its internal side.

A passivation film 38 including a plasma CVD oxide film,
ctc. having high water-prooiness 1s formed on the inter-layer
insulating film 35 and the conductor film 37.

The scribe area 25 has a structure analogous to that of the
device 1solation areas 21 and 22, and has a portion including
the silicon dioxide film 12 and the polycrystalline silicon
f1lm 13. However, the major portion of the cap oxide film 14
1s removed so that a scribing operation can be smoothly
carried out. The inter-layer msulating films 31 and 35 and
the passivation film 38, too, are almost removed in the scribe
arca 25. For these reasons, the polycrystalline silicon film 13
in the scribe area 25 1s exposed to the surface of the
semiconductor chip.

In this embodiment, the passivation film 38 1s removed
from the side surfaces of the semiconductor chip. Therefore,
the gap between the adjacent chip areas can be reduced, and
this embodiment 1s suitable for forming a plurality of chip
arcas 1n a high density.

Next, a semiconductor device according to a modified
embodiment of the first embodiment will be explained with
reference to FIG. 1C. The difference 1n that the passivation
f1lm 38 1s also on the side surface of the semiconductor chip.
In this way, the conductor film 37 is prevented from coming
into contact with the external potential. If the conductor
inside the semiconductor chip comes into contact with the
external potential, the potential inside the semiconductor
chip 1s disturbed through capacitance coupling, and a circuit
operation becomes unstabilized. If the impurity diffusion
layer 28 extends to the scribe area 25 and 1s exposed on the
side surface of the semiconductor chip, the impurity diffu-
sion layer 28 may come into contact with the external
potenftial. Therefore, an electrode structure including a sili-
con dioxide film 12 and a polycrystalline silicon film 13 1s
formed 1n the scribe area 25 1n the same way as 1n the device

1solation area 22 so as to isulate the impurity diffusion layer
28 from the outside.

Next, a production method of the semiconductor device
according to the first embodiment will be explained with

reference to FIGS. 2A to 2F.

To produce the semiconductor device of this embodiment,
a silicon dioxide film 12 as a field shield gate insulating film
1s first formed by thermal oxidation on the surface of a
P-type silicon wafer, that 1s, a silicon substrate 11, as shown
in FIG. 2A, and a polycrystalline silicon film 13 and a cap
oxide film 14 are successively deposited.

After the cap oxide film 14 and the polycrystalline silicon
f1lm 13 are patterned into the pattern of the field shield gate
clectrode, a silicon dioxide film 15 1s deposited. The entire
surface of this silicon dioxide film 15 1s then etched back,
and sidewall oxide film including this silicon dioxide film 135
1s formed on the side surfaces of the polycrystalline silicon
film 13 and the cap oxide film 14. In this way, device
1solation areas 21 and 22 having a field shield device
1solation structure and device activation arcas 16 and 17 are
formed 1n the chip area 24, and a portion having a similar
structure to that of the device 1solation areas 21 and 22 is
formed 1n the scribe area 25.

Thereafter, a gate oxide film (not shown) and a gate
electrode (not shown) of a MOS transistor are formed on the
surface of the device activation area 16. Sidewall oxide films
(not shown) are formed on the side surfaces of the gate
clectrode, and the gate oxide film of the portion other than
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below the gate electrode film and below the sidewall oxide
films 1s removed simultaneously with the formation of the

sidewall oxide film thereby exposing the silicon substrate
11.

Next, a polycrystalline silicon film 26, into which boron
1s doped, 1s deposited on the entire surface, and 1s brought
into contact with the silicon substrate 11. The polycrystalline
silicon film 26 1s then etched by photolithography and
ctching mto a pattern of a pad electrode covering the
portions of the device activation area 16 other than the gate
clectrode and a pattern covering the entire portion of the
device activation area 17.

Ions of a P type impurity are doped 1nto the polycrystal-
line silicon film 26 of both the device activation areas 16 and
17. Heat-treatment 1s then carried out to diffuse in the solid
phase the impurity contained in the polycrystalline silicon
film 26 into the silicon substrate 11 and to form P-type
impurity diffusion layers 27 and 28 1n the device activation
arcas 16 and 17, respectively. The impurity diffusion layer
27 functions as the source/drain of the MOS transistor. Ions
of an N-type impurity may be doped into the polycrystalline
silicon film 26 1n the device activation area 16 to form the
impurity diffusion layer 27 of the N-type.

Next, an inter-layer insulating film 31 including a BPSG
(boro-phospho silicate glass) film is deposited as shown in
FIG. 2B, and this inter-layer insulating film 31 1s flattened by
reflow. A contact hole 32 and a contact trench 33 reaching
the polycrystalline silicon film 13 of the device 1solation
arca 22 and the polycrystalline silicon film 26 of the device
activation area 17, respectively, are simultancously formed
by photolithography and etching. A plurality of contact holes
32 are formed 1n the device 1solation area 22 in the spaced-
apart relation with one another. The contact trench 33 1s
continuously formed 1n the ditch form along the periphery ot
the chip area 24. Therefore, the contact trench 33 divides the
inter-layer insulating film 31 into the peripheral side and the
internal side of the chip area 24. It 1s also possible to use a
BSG (boro-silicate glass) film or a PSG (phospho-silicate
glass) film in place of the BPSG film.

Next, as shown 1n FIG. 2C, an aluminum alloy conductor
f1lm formed by CVD or sputtering is etched by photolithog-
raphy and etching into the patterns of memory cell wirings
(not shown) in the device activation area 16. A conductor
f1lm 34a may be connected to the polycrystalline silicon film
13 by burying a contact hole 32 and a conductor film 34b to
be connected to the polycrystalline silicon film 26 by
burying a contact trench 33. A polycrystalline silicon film
may be used for these conductor films 34a and 34b.

Next, an inter-layer insulating film 35 as a composite film
of a plasma CVD (chemical vapor deposition) film or a
plasma CVD oxide film with an SOG (spin-on-glass) film is
deposited as shown 1n FIG. 2D, and a contact trench 36
reaching the conductor film 34b of the device activation arca
17 1s formed by photolithography and etching. This contact
trench 36 1s also shaped 1nto a ditch form continuing along
the periphery of the chip area 24 on the device activation
arca 17, and divides the inter-layer insulating film 35 into the
peripheral side of the chip area 24 and its internal side.

After an aluminum alloy conductor film 37 1s deposited
by CVD or sputtering as shown 1n FIG. 2E, the conductor
f1lm 37 1s patterned by photolithography and etching into a
wiring pattern of the memory cell (not shown) in the device
activation area 16, etc. and a pattern of a wiring to be
connected to the conductor film 34 by burying the contact
trench 36. A polycrystalline silicon film, or the like, may be
used for the conductor film 37.
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Thereafter, a passivation film 38 as a plasma CVD oxide
film having high water-proofness, etc. 1s deposited on the
entire surface by CVD. The passivation film 38, the inter-
layer msulating films 35 and 31 and the cap oxide film 14 1n
the scribe area 25 are then removed by photolithography and
ctching, and a semiconductor device according to the first
embodiment 1s completed as shown i FIGS. 1A and 1B.
The reason why the cap oxide film 14, etc. 1n the scribe arca
25 1s removed 1s to make the scribing operation easy.

In the semiconductor device according to this embodi-
ment produced in the manner described above, the inter-
layer msulating films 31 and 25 are divided into the periph-
cral side of the chip arca 24 and its internal side by the
conductor films 345 and 37. Moreover, the conductor films
34b and 37 are electrically connected to the P-type silicon
substrate 11 through the P-type polycrystalline silicon film
26 and the P-type impurity diffusion layer 28. Therefore, the
same potential as the potential of the silicon substrate 11
(e.g., ground potential V_ ) is applied to the conductor films
34b and 37, and the moisture and mobile 10ns penetrating
into the inter-layer insulating films 31 and 35 from the
periphery of the semiconductor chip are electrically captured
by the conductor films 34b and 37, and are effectively
prevented from entering the semiconductor chip. Because
the conductor films 34b and 37 are formed simultaneously
with V-the wiring of the transistors formed in the chip, the
number of production steps for fabricating the semiconduc-
tor device of this embodiment does not increase. Further,
because the conductor films 34bH and 37 are buried into the
contact trenches 33 and 36 formed in the inter-layer insu-
lating films 31 and 35, respectively, they do not easily peel
from the semiconductor chip even when any influence of the
entering of moisture, or the caught mobile 1ons, exist.

The semiconductor device according to the modified
embodiment of the first embodiment shown 1n FIG. 1C can
be produced by the steps of removing, after the step shown
in FIG. 2E, the inter-layer insulating films 35 and 31 and the
cap 1nsulating film 14 of the scribe area 25, forming the
passivation film 38, covering the sidewall portions of the
conductor film 37, the inter-layer msulating films 35 and 31
and the cap insulating film 14 with the passivation film 38,
and then removing the passivation film 38 of the scribe area
25. This structure prevents the conductor film 37 from
coming 1nto contact with the external potential, and can
doubly prevent the intrusion of impurities such as the
moisture and the mobile 10ns from the peripheral edge of the
chip area 24.

The second embodiment of the present invention will now
be explained with reference to FIGS. 3A and 3B.

FIG. 3A 1s a plan view showing a portion near a corner of
a chip area of a semiconductor device according to the
second embodiment wherein the present invention 1s applied
to a semiconductor device isolated by a LOCOS (local
oxidation of silicon) method. This drawing shows the inside
by removing a passivation {ilm of the uppermost layer. FIG.
3B 1s a sectional view taken along line B—B of FIG. 3A.
The relation between the chip area 24 and the scribe area 25

on the semiconductor wafer 1s the same as the relation
shown 1n FIG. 1A.

The semiconductor device according to this second
embodiment has substantially the same construction as that
of the first embodiment shown 1n FIGS. 1A to 2F with the
exception that 1t employs an oxide film device 1solation
structure comprising a silicon dioxide {ilm 41 formed by the
LOCOS method 1n place of the field shield device 1solation

structure.
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Next, a semiconductor device according to a modified
embodiment of the second embodiment will be explained
with reference to FIG. 2C. The difference between this
modified embodiment and the second embodiment resides in
that the passivation film 38 is formed on the side surfaces of
the semiconductor chip, too, and the conductor film 37 1is
prevented from coming into contact with the external poten-
fial. If the impurity diffusion layer 28 extending to the scribe
arca 25 1s exposed on the side surface of the semiconductor
chip, there 1s the possibility of contact with the external
potential. Therefore, the silicon dioxide film 41 1s formed in
the scribe area 25, too, by the LOCOS method, 1n the same
way as 1n the device 1solation area 22, to 1solate the impurity
diffusion layer 28 from the outside.

Though the polycrystalline silicon film 26 and the impu-
rity diffusion layer 28 are of the P-type 1n the foregoing first
and second embodiments, similar effects can be likewise
obtained when they are of the N-type because the conductor
f1lms 34b and 37 are connected electrically to the substrate
11 through the P-N junction.

According to the present invention described above, the
moisture and the mobile 10ns entering the inter-layer 1nsu-
lating films from the peripheral edge of the semiconductor
chip are electrically captured or expelled by the wiring
layers burying the contact trenches, and are effectively
prevented from moving into the semiconductor chip.
Accordingly, even 1if any influence of the entering moisture
and the captured mobile 10ns exist, the wiring layer does not
casily peel from the semiconductor chip, and a semiconduc-
tor chip having high reliability can be obtained.

Furthermore, as the protective film 1s formed on the side
surfaces of the semiconductor chip, too, the wiring layer and
the 1mpurity diffusion layer can be protected from the
contact with the external potential, and intrusion of 1impu-
rities such as the moisture and the mobile 1ons from the
peripheral edge of the semiconductor chip can be doubly
inhibited.

I claim:

1. A semiconductor device comprising;:

a semiconductor substrate having an impurity diffusion
layer formed 1n a predetermined area;

a pad electrode formed on said semiconductor substrate
and connected to said impurity diffusion layer;

an 1nter-layer insulating film formed over said semicon-
ductor substrate inclusive of said pad electrode, and
having a contact trench which forms a trench loop 1n
said 1nter-layer msulating film thereby dividing said
inter-layer insulating film into a first area which 1s
encompassed by said trench loop and a second area
which 1s not encompassed by said trench loop;

a conductor film formed at least 1inside said contact trench
along said trench loop and connected to said pad
clectrode thereby encompassing a side surface of the
first area of said inter-layer insulating film; and

a protective film formed over said semiconductor sub-
strate 1nclusive of said conductor film and said inter-
layer 1nsulating film.

2. A semiconductor device according to claim 1, wherein
said protective film 1s formed 1n at least an area encom-
passed by said conductor film.

3. A semiconductor device according to claim 1, further
comprising:

a plurality of second electrodes formed over predeter-
mined areas of said semiconductor substrate through a
first insulating film formed on said predetermined areas
of said semiconductor substrate; and
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3

a second 1nsulating film formed on at least said plurality
of second electrodes, wherein:

said plurality of second electrodes are mnsulated from said
pad electrode and from said conductor film;

at least one of said plurality of second electrodes 1s
formed under the second area of said interlayer 1nsu-
lating film; and

said protective film encompasses at least one side surface
of said second insulating film and at least one side
surface of the second area of said inter-layer msulating

film.

4. A semiconductor device according to claim 1, further
comprising:
a plurality of device 1solation films formed on a plurality

of predetermined areas of said semiconductor substrate,
respectively, wherein:

at least one of said plurality of said device 1solation films
1s formed under the second area of said inter-layer
insulating film; and

said protective film encompasses at least one side surface
of the second areca of said inter-layer msulating film.
5. A semiconductor device comprising:

a semiconductor substrate having an impurity diffusion
layer formed 1n a predetermined area;

a pad electrode formed on said semiconductor substrate
and connected to said impurity diffusion layer;

a first inter-layer insulating film formed over said semi-
conductor substrate inclusive of said pad electrode, and
having a first contact trench which forms a first trench
loop 1n said first inter-layer insulating film thereby
dividing said first inter-layer insulating film into a first
area which 1s encompassed by said first trench loop and
a second areca which 1s not encompassed by said first
trench loop;

a first conductor film formed at least inside said first
contact trench along said first trench loop and con-
nected to said pad electrode;

a second inter-layer insulating film formed over said

semiconductor substrate inclusive of said first conduc-
tor film and said first inter-layer insulating film, and
having a second contact trench which forms a second
trench loop m said second interlayer insulating film
thereby dividing said second inter-layer insulating film
into a third area which 1s encompassed by said second
trench loop and a fourth area which 1s not encompassed
by said second trench loop;

a second conductor film formed at least inside said second
contact trench along said second trench loop, said first
and second conductor films being mutually connected

thereby encompassing respective side surfaces of the

first areca of said first inter-layer insulating film and the
third area of said second 1nter-layer msulating film; and

a protective film formed over said semiconductor sub-
strate 1nclusive of said second conductor film and said
second 1nter-layer insulating film.

6. A semiconductor device according to claim 5, wherein
said protective film 1s formed in at least an area encom-
passed by said second conductor film.

7. A semiconductor device according to claim 5, further
comprising:

a plurality of second electrodes formed over predeter-
mined areas of said semiconductor substrate through a
first insulating film formed on said predetermined areas
of said semiconductor substrate; and

a second insulating film formed on said plurality of
second electrodes, wherein:
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said plurality of second electrodes are 1solated from said
pad electrodes and from said first and second conductor
films;

at least one of said plurality of second electrodes 1is
formed under the second area of said first inter-layer
insulating film; and

[

said protective film encompasses at least one side surface
of said second 1nsulating film, at least one side surface
of the second area of said first inter-layer insulating film
and at least one side surface of the fourth area of said
second 1nter-layer msulating film.

8. A semiconductor device according to claim §, further

comprising:

10

10

a plurality of device 1solation films formed on a plurality
of predetermined areas of said semiconductor substrate,
respectively, wherein:

one of said plurality of device 1solation films 1s formed
under the second area of said first inter-layer insulating
film; and

said protective film encompasses at least one side surface
of the second area of said first inter-layer insulating film
and at least one side surface of the fourth area of said
second 1nter-layer insulating film.
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